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Abstract
It is known that probing gravity in the submillimeter-micrometer range
is difficult due to the relative weakness of the gravitational force. We in-
tend to overcome this challenge by using extreme temporal precision to
monitor transient events in a gravitational field. We propose a compressed
ultrafast photography system called T-CUP to serve this purpose. This
optical instrument uses compressed sensing algorithms to create high res-
olution images of transient events at a frame rate of ten trillion frames
per second. Such temporal precision can allow us to gain a deeper under-
standing of the short distance behaviour of gravity.
Even though General Relativity has been tested at large distances, not much
has been done in testing it at very short distances. As General Relativity at
short distances can be approximated by Newtonian gravity, it is very important
to test Newtonian gravity at short distances. This is because several theories
(like models with extra dimensions [16]-[19] and MOND [20]-[21]) predict de-
viations from Newtonian gravity at such short distances. Henry Cavendish’s
torsion balance experiment was one of the first developments in testing gravity
at short distances. Since the Cavendish’s experiment, progress in probing grav-
ity has been primarily made by improving the Cavendish experiment [13]-[15]
by instrumental modifications rather than design modifications. It has been
known that probing gravity at smaller scales becomes increasingly difficult due
to the weak nature of gravitational force. This is one of the reasons why prob-
ing gravity in the submillimeter-micrometer range is challenging using such the
conventional experimental setups.
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Inspired by this challenge, we propose to use an optical setup with extreme
temporal precision to probe gravity at short distances. It may be noted that
the foundations of temporal imaging are based on the duality between parax-
ial diffraction and narrow band dispersion with quadratic phase modulation,
as result of this duality, temporal imaging is possible and a ”time lens” is cre-
ated [1]. This time lens enables temporal focusing much like a regular lens
enables spatial focusing. The temporal precision of such a lens depends on the
rate of emission of laser pulses. Due to massive advances in pulse compres-
sion and chirping mechanisms, it has been possible to create ultra-short laser
pulses [4]-[7]. These advances in laser technology combined with the advances
in streak camera technologies [2]-[3] have enabled the creation of ultrafast pho-
tography systems [8]-[11]. These systems are capable of imaging repetitive or
single shot events with picosecond and femtosecond accuracies. Due to these
recent advances in the field of compressed ultrafast photography, a novel tech-
nology called T-CUP has been developed [12]. T-CUP uses state-of-the-practice
compressed sensing algorithms and streak camera technologies to capture tran-
sient events at ten trillion frames per second (10 Tfps). These advances have
found extraordinary applications in the field of biology, chemistry and many
other fields. In this paper, we propose to extend this technology to probe and
study gravity at distances that are shorter than have ever been probed using
the conventional methods [13]-[15].
The proposed setup primarily consists of a particle performing uniform cir-
cular motion and a T-CUP system which monitors the dynamics of the particle.
A particle of mass m performs circular motion about the particle of mass M
(M >> m) because of gravitational force. If there are deviations from Newto-
nian gravity, there will either be a shift in the time period of oscillation or the
amplitude of oscillation. We propose the setup depicted in Fig.1 to measure
these deviations. In Fig.1, the upper half of the setup is completely identical
to the lower half in terms of design and function. We use two such detection
setups to accurately detect the time period and amplitude of the oscillation,
furthermore, using two such detectors can help identify any directional system-
atic errors. The two pairs of lasers (1 and 2) and (3 and 4) emit laser beams
in the opposite direction such that these beams are tangential to the circular
path followed by the particle. When the particle is not at C, laser beam (1)
transmits through beam splitter A with half the intensity (the other half is re-
flected, which is unimportant for this setup), beam (1) then travels to beam
splitter B through point C. At B, half of the beam is reflected (transmitted
part is unimportant) towards a mirror which redirects the optical signal into the
T-CUP. Similarly, beam (2) transmits through B and reflects through A, again
hitting the T-CUP system in the end. Now, when the particle is at C, beam
(1) transmits through A and gets obstructed at C, similarly beam (2) transmits
through B and gets obstructed at C, thus no beam enters T-CUP. This is how
a signal is registered. Once the signal is recorded into the data acquisition unit
(DAU), the data is sent to the data processing unit (DPU). The DAU consists
of a beam splitter, CCD (charge-coupled device) camera, Streak camera and a
DMD (digital micromirror device). These perform the function of spatiotempo-
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ral integration and image encoding onto the DMD. This encoded image is then
sent to the DPU for reconstruction using a compressed sensing algorithm. Once
the images are constructed, time delay adjustments are made to account for the
time difference between the events, i.e. particle at C and signal recorded on
T-CUP. Finally, computation of time period, amplitude and other parameters
is done over many oscillation cycles to characterize the nature of gravitational
force acting on the particle. Fig. 2 gives a block representation of the complete
data acquisition and processing procedure.
Figure 1: Schematic model of the proposed setup
It may be noted that the setup we propose is a working model. However,
modifications to this setup could be made in order to make it more suitable
for testing various different models of gravity. A clear advantage of the system
is that it overcomes the challenge of directly probing short distances, instead
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Figure 2: Data Acquisition and Processing Schematic: This schematic is greatly
inspired from the detailed diagram provided in [12] with some relevant additions for
the proposed setup
it equivalently probes short time-scales. Furthermore, as it is a passive setup,
we do not introduce a probe in a way that would disturb the system. To il-
lustrate this, when the particle is at C, the two sets of lasers apply an equal
and opposite force on the particle. As a result, the particle experiences no net
force except gravity during the complete trajectory. Additionally, T-CUP has
been designed in a receive only fashion to record transient events, thus it is
necessary that we create a sudden burst or a sudden void in the energy signal
in order to detect the particle accurately without disturbing it. Hence, Fig.1
is a good arrangement because it complements the T-CUP system and enables
us to attain deeper gravitational sensitivity. The simplicity of the proposed
setup also allows efficient control of the system at smaller scales compared to
the conventional setups. As the system has less moving parts, miniaturization
and modification of the setup can easily be done in order to probe any partic-
ular model of non-Newtonian gravity at short distances. Moreover, it is known
that optical systems can achieve higher precision compared to mechanical sys-
tems like torsion balance, these systems also do not face the disadvantage of
dissipative forces like friction.
In order to prevent significant impact of earth’s gravity and other sources of
noise on the system, we propose to conduct such an experiment in outer space.
We also intend to employ some traditional methods to shield electromagnetic
forces using methods similar to the ones suggested in [14] and [15]. We can also
calibrate the system to account for the known tidal forces exerted by nearby ce-
lestial objects. Gravitational calibration methods similar to the ones suggested
in [14] can also be used for this purpose. Moreover, the setup design has a strik-
ing similarity to an interferometer. In fact, with some additional modifications,
the setup can also be used as an interferometer. This would allow the system
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to use extreme temporal and spatial precision to probe gravity at very short
distances. The interferometer cannot however be used as a general purpose
gravitational setup but rather as an instrument to test for specific asymmetrical
corrections to Newtonian gravity. Thus, we do not discuss it here.
Considering these critical advantages of the proposed setup over conventional
methods, it seems that we could in principle be able to probe gravity at a
scale of 10µm and possibly even in the micrometer range. Probing gravity at
this scale could allow us to understand gravity at a much deeper scale. Some
of the direct consequences of this experiment would be elimination of various
gravitational models, more stringent bounds on the higher dimensions predicted
by brane world models [16]-[19] and verification/falsification of MOND [20]-[21]
and other modified gravity theories. Our study also shows that such a system
could also be used to understand many cosmological puzzles like dark matter
and anisotropy of the universe.
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